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Felley, David L , M.S., May 1995 Wildlife Biology
Recruitment and Survival of Ring-necked Pheasants on the Nampa Study Area 
in Southwestern Idaho. (72 pp.)
Director: I. J. B a l^ ^ ^
Abundance of ring-necked pheasants fPhasianus colchicusl in southwestern 
Idaho declined in response to  severe winter weather in the early 1980’s, and 
populations remained low through the rest o f the decade. Juvenile: adult age 
ratios of cocks suggested that recruitment or juvenile survival was low. This 
study was initiated to explore the role of recruitment in pheasant populations in 
this area.
I radiocollared 105 hen pheasants and followed them through the breeding 
season (1 April-31 August) in 1990 and 1991 to estimate nest success, hen 
success, brood survival, brood size at fledging, and hen survival. This 
information was assembled into a simple population model to estimate 
recruitment and predict annual population change. I also collected data on 
nest site selection at a broad scale to determine whether certain types of 
nesting cover were used more or less than expected based on availability.
Nest success and hen success were high compared with other studies. Hen 
survival during the breeding season was low and may be important to  long­
term population trends. However, radiocollars may have had an adverse 
effect on hen survival, biasing survival estimates. Brood survival was highly 
variable between years and may be important to  annual population 
fluctuations. Estimating brood size at fledging proved difficult due to the 
secretive nature of hens with broods, but brood size appeared low compared 
to  other studies. The population model predicted negative annual population 
changes for both years. The importance of emigration and pesticides remain 
unknown and requires further study.
Results of the nest site selection study showed that hens used idle land and 
small grain (wheat and barley) more than expected and made no use of 
sagebrush, though it made up a large portion of the study area. More nests 
hatched in small grain than all other cover types combined. Only 2 nests on 
idle land hatched; the rest were destroyed by predators. Management of 
nesting cover could be a low priority where small grain is abundant.
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INTRODUCTION
Few aspects of wildlife populations have been as frequently studied as the 
population dynamics of the ring-necked pheasant fPhasianus colchicus) in 
North America. Under ideal conditions, the reproductive potential of this 
species can lead to phenomenal population increases. From the original 50 to 
70 birds released in Oregon's Willamette Valley, the first hunting season 11 
years later yielded a harvest of 50,000 birds on the opening day alone 
(Trautman 1982). If this harvest amounted to 90% of the population and the 
original release consisted of 25 hens and 25 cocks, the intrinsic rate of 
increase, r „  (Caughley 1977:52), equaled 0.70. Better estimates of r^  are 
obtained from island studies, where populations were closed and more careful 
censusing was done. On Protection island in Washington state (Einarsen 
1945), an original 2 males and 10 females increased to 1,840 in 5 years (r^ = 
1.0). On Pelee Island, Ontario, T he  birds liberated in 1927 must have found 
conditions favorable . . ." (Stokes 1958:359), because by 1932 they had 
increased to an estimated 20,000 (r^ = 1.26).
Pheasant population declines, however, are relatively poorly understood. 
Population declines occurred in the 1950’s, late 1960’s, and 1970’s in different 
parts of the United States. Most workers have attributed these long-term 
declines to changes in land management. Specifically, regional pheasant 
population fluctuations varied in direct proportion to the amount of idle land 
and crops such as oats, wheat, barley, and hay (Jarvis and Simpson 1978,
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Warner 1981, Penrod et al. 1986, Berner 1988, Dahigren 1988. Etter et al.
1988). Studies have variously identified the importance of these types of cover 
for providing safe nesting cover (Under and Agee 1965, Bartmann 1969, 
Dahigren 1988), increasing hen survival in w inter or spring (Gates and Hale 
1975, Jarvis and Simpson 1978, Penrod et al. 1986), increasing juvenile 
survival in autumn (Etter et al. 1988), or increasing brood survival due to  richer 
invertebrate food supplies (Warner 1979, Warner 1984, Hill 1985). Naturally, 
the conclusions of these studies were specific to  local conditions and 
interpretations of individual researchers. Therefore, while they can provide 
insight and guidance for the understanding of pheasant populations in general, 
these studies give few specific answers to land managers interested in 
increasing pheasant populations in a particular area.
High reproductive potential permits pheasant populations to  quickly 
rebound from catastrophic events. Severe winter weather has been shown to 
reduce otherwise healthy pheasant populations (Kimball 1956:233, Dumke and 
Pils 1973, Warner and David 1982, Etter et al. 1988). Such an event occurred 
in southern Idaho in the winter of 1983-84, when deep snow lasted from 
December to  late February (USDA Weekly Farm Report 1983, 1984).
Population indices that were high in 1979-82 were reduced after 1983. Hunter 
harvest also declined, and despite the pheasant's high potential reproductive 
rate, populations remained low during the rest of the decade (Bodie and Harris
1989). The low juvenile-to-adult age ratios o f hunter-killed pheasants (Fig. 1)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
suggests that annual recruitment of juvenile cocks was low because of poor 
reproduction, poor summer-fall sunnval, or both.
The goals of my study were to estimate nest success, hen success, brood 
sunwal, and hen survival through the breeding season. Comparisons of these 
values with those in the literature should suggest some causes of pheasant 
declines and persistent low densities in southwestern Id ^ o . Additionally, I
Fig. 1. Cock pheasant age ratios from hunter check-station data in 
southwestern Idaho, 1976-89 (Bodie and Harris 1989).
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TOliected information on nesting ecology of these birds with the idea that low 
nest success or lack of good nesting cover may be important for pheasant 
recruitment. I hope that the information gathered will help direct future 
research and pheasant management in the region.
I thank my advisor, I. J. Ball, fo r his help, guidance, and encouragement 
through the project. I thank Virginia Johnston for guiding me through the 
bureaucracy of two years o f graduate school. I thank Thomas Maeder for 
help and ideas on and off the clock. I thank Wait Bodie and all of the wildlife 
staff of Region III, Idaho Fish & Game, for their technical and logistical support 
as well as copious advice. I thank Tom Hemker for interest and support 
throughout the project. I thank Jack Connelly for advice and ideas. This 
project would not have been possible without the Pittman-Roberston funding 
through Idaho Fish & Game. It would not have been possible without the help 
of the U.S. Fish and Wildlife staff of tiie  Deer Flat National Wildlife Refuge. It 
especially would not have been possible without the legion o f volunteers, too 
numerous to  mention, who helped capture pheasants. Rnally, I thank many 
landowners on my study area for graciously providing access to their land and 
for their interest in the project.
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STUDY AREA
The Nampa study area (NSA) is a 4,170 ha area located in Canyon 
County, southwestern Idaho, on the Deer Flat National Wildlife Refuge (NWR) 
and surrounding private lands
north o f Lake Lowell, south of 
the town o f Caldwell and west of 
the town of Nampa (Figs. 2 and 
3). The area is quite suburban, 
with 141 isolated permanent 
residences, and 15 housing 
subdivisions covering 7% of the 
study area. Topography is 
relatively level, with low hills to 
the west and southeast.
Canyon
County'
NSALake Lowell
Fig. 2. Location of the Nampa study area 
(NSA), north of Lake Lowell, Canyon 
County, Idaho.
Elevations vary from 748 to 825 m. Soils consist o f sandy silt-loams of loess 
and alluvial origins overlying medium to  coarse Pluvial and lacustrine gravels 
(Priest et al. 1972). Mean annual temperature is 10-11 C, with mean summer 
temperature of 20-22 C. The area receives 20-28 cm of precipitation annually, 
mostly in the form of rain, and agriculture is almost entirely dependent on 
irrigation. With 145-155 frost free days, C m yon County has one o f the longest 
growing seasons In Idaho (Priest et al. 1972).
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Fig. 3. The Nampa Study Area, southwestern Idaho, showing details of field 
boundaries for areas used by radiocollared hen pheasants, 1990-91. 
Stippling = wintering area.
In addition to large areas o f sagebrush. Deer Flat NWR contains a 15-ha
area important to wintering pheasants and other wildlife (the wintering area).
This area consists of 5.2 ha o f cattail frvoha latifoliaV bulrush fScirous sp.),
and purple loosestrife fLvthrum salicarial surrounded on 3 sides by 5.9 ha of
dense Russian olive fEleaeonus anoustifolial stands with a few tall
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
cottonwoods fPooulus sp.) and an additional 3.9 ha o f grassy uplands. 
Besides sagebrush, this is the largest tract of idle land on the study area. 
Because fall plowing removes all agricultural cover types, the wintering area 
contains m ost of the winter cover available to  pheasants. Drainage ditches 
and abandoned feedlots also provide a small amount of winter cover. The 
NSA was defined as a circle centered on the wintering area, with a radius of 
5.6 km, the longest movement of a pheasant observed in this study. Because 
the wintering area lies on the edge of Lake Lowell, the area available to 
pheasants is essentially a semicircle.
Vegetation in untilled areas consists mainly o f sagebrush fArtemesia spp.), 
rabbit-brush fChrvsothamnus spp.), cheatgrass fBromus tectorumL bluebunch 
wheatgrass fPseudoroeoneria soicatumL and wild-rye fElvmus spp.).
Relatively large tracts of these species exist on the Deer Flat NWR, but 
elsewhere land is used almost exclusively for agriculture. All farmland is 
irrigated, mostly through flood Irrigation, with some use of wheel- and hand- 
line systems. Crops grown on the study area include alfalfa for seed and hay, 
small grain (wheat, barley, and oats), pasture, and various row-crops 
(potatoes, beans, corn, mint, onions, peas, and sugar beets) (Fig. 4). Sugar 
beets and peas are treated separately from other row crops because they 
provide earlier cover for pheasants than other row crops. Agricultural 
practices are intensive, with little area left idle. W idespread burning gmd
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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herbicide spraying along fencellnes and ditches for weed control leaves a 
"clean" landscape; a few ditch banks and fencellnes are dominated by cattails, 
bulrush, Russian olives, and various forbs and grasses.
METHODS
Hen pheasants were captured January-April 1990 and 1991 by driving 
them from the wintering area into mist nets. Captured hens were aged as
sugar beets 12% small grains 9% 
peas 4%
sagebrush 16%
pasture 3% 
hay 2%
>w crops 17%
seed alfalfa 29% ............
idle* 1% (̂ ^veloped 7%
Fig. 4. Average percentage of cover types on the Nampa Study Area, 
southwestern Idaho, 1990-91.
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either second-year (SY) or after-second-year (ASY) by the shaft diameter of 
the proximal primary feather (Wishart 1969). Each hen was weighed to the 
nearest 5 g, leg-banded, and fitted with a 19-g, poncho-mounted radio 
transm itter (Amstrup 1980) manufactured by Advanced Telemetry Systems 
(Isanti, MN) or Wildlife Materials (Carbondale, IL). Hens were then released 
into the wintering area. Hens were monitored from  1 February-31 August 
1990 and 1 April-31 August 1991. Radiocollared hens were relocated daily 
using a hand-held 4-element Yagi antenna and a Telonics receiver. At least 2 
bearings were taken from <50 m to locate hens. Bearings were taken <10 
minutes apart and as perpendicular to each other as possible to reduce 
location error. Locations were plotted in the field on 7.5-minute USGS 
topographic maps and later recorded in UTM coordinates. A geographic 
information system (GIS) was used to make a map o f the study area based on 
USGS 7.5-minute topographic maps and Soil Conservation Service aerial 
photos. This map was used to calculate total areas of the various cover types 
and spring dispersal distances of hen pheasants from  the wintering area.
Hen survival was estimated by monitoring the movements of radiocollared 
hens. After 3 successive days of no detected movement they were 
approached until they eWier moved off or the transmitter was recovered.
When more than 2 days elapsed between successive locations and the hen 
was found dead, date of death was placed half way between the date of last
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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location and date of transmitter recovery (Mayfield 1961). Survival data 
exclude exposure days and mortalities occurring within 7 days of capture or 
when no radio locations were taken between the date of capture and 
transmitter recovery. This was done to  exclude mortalities during the period 
when hens were adjusting to  the radio package (Snyder 1985).
Hens were removed from the study by mortality or censoring. Censoring 
was due to  recovery of a shed radio or loss of radio contact. Loss of radio 
contact was due to  emigration, radio failure, or predation and subsequent 
radio destruction. Exposure days of censored hens, up to  the date of last 
contact, were included in the survival analysis (Pollock et al. 1989).
Censoring hens which may have actually been mortalities could tend to  
bias survival estimates upward. To address this, I calculated a range o f 
survival estimates by first assuming that no censored hens were mortalities 
and then assuming that all censored hens were mortalities (Pollock et al.
1989). Due to the imprecision of this method, most survival analyses and 
reported rates used only the upper bound of the above survival range 
(censored hens not considered mortalities). This helped offset the potential 
bias of reduced survival caused by the radiocollars. For between-year 
comparisons, survival data from  February and March 1990 were excluded to  
equalize the time spans considered.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Survival data were analyzed using the program Micromort (Heisey and 
Fuller 1985). The phenologies of survival were compared using months and 
seasons for time units with the G-test. If no significant difference was found, 
the simpler seasonal model was used to  describe the phenology of hen 
survival (Heisey and Fuller 1985). Seasons were defined as winter (1 January- 
31 March), spring (1 April-30 June), and summer (1 July-31 August) (Wooley 
and Rybarczyk 1981). The phenology of survival was compared between SY 
and ASY hens in an analogous manner using the G-test. Individual monthly, 
seasonal, and age-specific survival rates were also compared using the Z-test 
(Heisey and Fuller 1985).
When possible, the cause of mortality was determined from evidence 
found at the transmitter recovery site. Tracks, feces, condition of the carcass, 
and location of recovery sometimes helped to  identify predators involved 
(Dumke and Pils 1973). Fresh remains were necropsied by a wildlife 
veterinarian. When remains were too old, the cause of mortality remained 
unknown.
Spring dispersal is a movement from densely populated wintering areas to 
more widely spaced breeding territories and may o r may not lead to 
emigration from the population centered on the wintering area (Trautman 
1982:40). Dispersal from the wintering area was described both spatially and 
temporally. Dispersal distance was considered the distance between the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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wintering area and the location o f the first nest attempt (Wooley and 
Rybarczyk 1981, Snyder 1984). The distribution of dispersal distances was 
estimated using all nests. The distribution of dispersal dates was estimated 
from initiation dates of nests placed >0.8 km from the wintering area. This 
excluded nests located within the winter minimum convex polygon home range 
o f all radiocollared hens in 1990. The dispersal dates of hens which moved 
over 0.8 km and died or were censored before nest initiation were included in 
estimating median dispersal date. Comparisons of dispersal distances and 
dispersal dates between years and age classes were made using the Mann- 
Whitney U-test
Nests sites were identified when a hen was located repeatedly in the same 
place. Locational fixes were taken as close to  the nest as possible without 
flushing the hen, usually between 5 and 10 m. Nearby landmarks were noted 
for relocating the nest. After the hen left her nest, the area was systematically 
searched until the nest was found. Initiation dates were estimated by back­
dating from the hatch date, using an Incubation period of 23 days and a laying 
interval of 1.3 days per egg (Dumke and Pils 1979) or from the degree of 
embryonic development o f unhatched eggs (Roseberry and Wimstra 1965). 
Information collected at the nest site included total clutch size, number of 
fertile eggs, number of hatched eggs, and success or failure. Fertility was 
defined as the proportion o f eggs examined showing some development, and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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hatchabiiity as the proportion of fertile eggs that hatched. A clutch was 
considered complete when incubation began. When possible, causes of 
failure were identified by the condition o f the eggs, shells, and any signs found 
around the nest bowl.
Nest success rates were estimated as the proportion o f all nests monitored 
in which at least 1 egg hatched (Baskett 1947). If I caused a hen to  flush off a 
nest and she never returned, the nest was considered abandoned due to 
observer disturbance and was excluded from estimates of nest success. Hen 
success was estimated by the proportion of hens entering the breeding 
season (beginning 1 April) which hatched a nest. This date corresponds to 
the earliest nesting activity observed on the NSA. The Z-test was used to  test 
for a difference in success rates between years, age classes, and early versus 
late nests.
Nesting phenology was estimated separately for early and late nest 
attempts. Because some first attempts were probably never located before 
they were destroyed, some early second attempts could have been mistakenly 
classified as first attempts. To avoid this problem, no attempt was made to 
classify nests as first, second, or third. Rather, I classified a nest as an early 
attempt when It was initiated before 1 June and no earlier attempts were 
known for that hen (Errington and Hamerstrom 1937). All other attempts were 
considered late attempts, including 2 known third attempts. Comparisons of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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nesting phenology between years and age classes were made using the 
Mann-Whitney U-tesX.
Nest cover use was analyzed with the use-availability technique developed 
by Neu et al. (1974). Significance for these tests were established at P_<
0.10, including the Bonferroni adjustment for simultaneous tests. Cover types 
were determined on the ground in 1990 and 1991, and area of each cover 
type available to the hens was calculated using the GIS. Cover development 
was systematically sampled every 2 weeks over the growing season to 
determine actual availability for nesting. Five fields of each cover type were 
picked at random, and height-density measurements (Robel et al. 1970) were 
taken 30, 60, and 90 meters from a random point on the edge of each field. 
Cover was considered available when it reached a height-density of 1 dm.
Nest success was estimated separately for each cover type and a method 
analogous to  the use-availability technique of Neu et al. (1974) was used to  
test for differences in success between cover types. The number of 
successful nests in each cover type was compared to the expected number of 
successful nests using a test. The expected number o f successful nests in 
a given cover type was calculated by multiplying the number of all nests found 
in that cover type by the proportion of successful nests for all cover types 
combined. Brood survival was monitored by several methods. Roost sites of 
hens with broods were located at night using telemetry and revisited in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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morning. Presence of adult tracks or feces in the absence of chick tracks or 
feces signified total brood loss (Hill and Robertson 1988). In addition, hens 
were monitored until emerging from cover to  see if they were accompanied by 
a brood, or were flushed to see if a brood flushed with them. Finally, hens 
without a brood tended to range more widely, so vwde-ranging hens were 
closely watched or flushed to see if they had lost their brood. Because 
survival estimates of brood-mates are not statistically Independent, the brood 
and not the chick was the unit for survival estimates (Winterstein 1992). A 
brood was considered to have survived if at least 1 chick still accompanied the 
hen. Brood survival was estimated using the Micromort program. Most chick 
losses occur during the first 4 weeks after hatching (Errington and 
Hamerstrom 1937, Trautman 1982, Carroll and Sayler 1990), so I estimated 
brood survival for this period. Broods were considered independent of their 
hens (fledged) after 8 weeks (Trautman 1982), so I estimated survival for this 
period as well. An estimate of brood size at independence was made by 
close observation or flushing of broods. Estimates o f hen success, brood 
survival, and brood size at fledging were assembled into a population model to 
estimate recruitment (Cowardin and Johnson 1979) (Table 1). The relative 
importance of parameter variation was measured by the effects on recruitment 
rate (R) and annual population change (C).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Population parameter definitions and preliminary model format 
(adapted from Cowardin and Johnson 1979).
Parameter Notation
Nest success (proportion of nests hatching). P
Renest rate (probability of renesting after failure). Rr
Hen success (proportion of hens hatching a nest). H
Brood survival (proportion of broods surviving to  Z
fledging, at 8 weeks).
Brood size (mean brood size at fledging). B
Recruitment (young hens fledged/adult hens alive R
on May 1).
Survival, adult-summer (proportion of adult hens Ss
surviving April-August).
Survival, adult-winter (proportion o f adult hens Sw
surviving September-March).
Survival, adult-annual (proportion of adult hens S
surviving year).
Survival, young-winter (proportion o f young hens S*
surviving September-March).
Population size in year-2 divided by population size in year-1. C
Relationships: H = P x Rr
R = H X Z X B /2 
S -  Sw X Ss 
C = S + R x S *
For a stable population (C = 1):
R X S* = 1 - S
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When measuring the effect on R or C due to  changes in a single 
parameter, other parameters were held constant. The highest and lowest 
measured values of the parameter in question were used to  compare its effect 
on R or C. Estimates were also compared to  values from other pheasant 
telemetry studies to identify primary parameters of concern for this population.
All statistics were calculated using the SYSTAT statistical package. Unless 
otherwise stated, estimated means are reported as mean SE, and statistical 
significance was established at P _< 0.05.
RESULTS
Trapping
A total of 158 pheasants was captured, all but 2 in mist nets (Appendix). 
Two mortalities occurred. In 1990, 1 hen died when she hit a mist net pole, 
and in 1991, 1 hen was killed by a northern harrier fCircus cvaneusi before 
she could be removed from the net. One hundred and five hens were 
captured, radiocollared, and released in the study area-54 in 1990 and 51 in 
1991. Five hens collared in 1990 were monitored through the 1991 breeding 
season, so data were collected on 56 hens in 1991.
The SY-to-ASY age ratio o f hens caught was 0.85 (n = 50) in 1990 and 
1.45 (n = 54) in 1991, not different between years (Z = 1.33, P = 0.09). The 
mean weight o f hens caught in 1990 was less than in 1991 (f-test, t = -3.844,
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93 df, P < 0.001) (Table 2). This Is mostly due to the difference in weights of 
SY’s between years (f = -2.836, 44 df, P = 0.007), because weights of ASY 
hens caught in 1990 and 1991 were not different (f = -0.192, 93 df, P =
0.852). In 1990, SY hens were lighter than ASY’s (f = 4.24, 25 df, P < 0.001) 
and in 1991 they were not (f -  1.67, 21 df, P > 0.05).
Table 2. Mean weights by year and age class of radiocollared hen 
pheasants on the Nampa Study Area, southwestern Idaho, 1990-91.
Year Age class Mean (g) SE
1990 SY 800 13
ASY 883 14
1991 SY 850 12
ASY 889 20
Years combined SY 831 10
ASY 885 10
Telemetry
Tracking began on 11 February 1990, and all radiocollared hens were 
located at least tw ice monthly in February and March. Regular daily 
monitoring began on 1 April after trapping was complete. In 1991, only 
sporadic telemetry monitoring was done until daily monitoring began on 1
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April. Thus, determinations of mortality, shed radios, winter home range size, 
or emigration from the study area during the winter were not possible in 1991.
During the study, 30 hens shed their radiocollars. In 1990, 14 hens shed 
radiocollars. The distribution of radio retention time in 1990 was very right- 
skewed. Excluding 5 radios shed before the end of the 7-day grace period, 
median number of days before shedding was 29, ranging from 19 to 153.
This was due primarily to weak poncho fabric used on the first batch of radios. 
This fabric quickly frayed and loosened, allowing the hens to remove the 
ponchos. In 1991, 16 hens shed radiocoliars. Ten were lost before telemetry 
began on 1 April. Excluding these, median length of retention was 62.5 days, 
ranging from 21 to 110 days. This distribution was more uniform and was due 
primarily to ponchos fit too loosely, which stretched and were shed over time.
Radio contact was lost with a total of 18 hens, despite 3 aerial telemetry 
flights. In 1990, radio contact was lost with 7 hens~4 ASY’s and 3 SY’s. Of 
these, 1 was assigned to radio-failure, due to  an increasingly intermittent 
signal. Dates of loss for the rest ranged from 6 April to 1 July, with a median 
loss date of 12 May. Three losses were clumped in the second and third 
week of May. Measured in radio-days, losses had a uniform distribution, with 
a median of 82 days and a range o f 21 to 134 days. In 1991, radio contact 
was lost with 11 hens: 6 ASY’s and 5 SY’s. Two of these carried 2-year-old 
radios, and their loss was attributed to battery failure. Loss dates for the other
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9 ranged from 8 April to  23 August, with a median date of 4 June. Radio 
contact was lost with 3 hens between collaring and commencement of daily 
tracking in April. Radio-failure was strongly suspected In 2 of these because 
nothing but static was ever heard on those frequencies. Timing of the other 
losses was uniformly distributed by both date and radio-days.
Hen survival and causes of mortality
During the study, there were 32 known mortalities. Four of these (1 raptor 
predation, 1 unknown mammal predation, and 2 unknown cause) occurred in 
the wintering area during the 7-day grace period and were excluded from 
further analyses. Of the remaining 28 mortalities, 20 had identifiable causes 
[Table 3). Red fox fVuloes vuloes) were the most important predators, 
followed by dogs fCanis familiarisé raptors (great horned owls fBubo 
viroinianus). red-tailed hawks FButeo iamaicensisl. and Cooper’s hawks 
(Accioiter coooeriil were commonly observed on the NSA), and cats (Fells 
cattus). Unknown predators accounted for a large proportion of the observed 
mortalities. Predation by fox occurred from 10 April to 26 June, with a median 
date of 5 May. Raptors took hens in April, May, and June. Predation by 
domestic pets was observed only after spring dispersal, from 27 May to  10 
July.
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Table 3. Causes of mortality for radiocollared hen pheasants on the
Nampa Study Area, southwestern Idaho, 1990-91.
Year
Red
fox Dog Raptor
Unknown
mammal
Hay
mowing Cat Unknown
1990 4 0 1 2 0 0 6
1991 5 3 2 0 2 1 2
Total 9 3 3 2 2 1 8
The range of survival for all hens from April through August was 0.433 to  
0.644 in 1990 and 0.197 to 0.435 in 1991. These survival rates are higher in 
1990 for lower (Z = 2.31, P = 0.01) and upper bounds (Z = 1.63, P = 0.05). 
The remaining survival rates consider only the upper bounds of the survival 
range (censored hens not considered mortalities). In 1990, April-August 
survival was similar for SY’s and ASY’s (Z = 1.29, P =0.08) (Table 4). Also, 
survival rates of SY’s and ASY’s within smaller time periods (month or season) 
were not different (Z-tests, P > 0.05). In addition, the survival model using 
age-specific survival rates was not different from the model with no age- 
specific rates (G-test, G = 1.5, 1 df, P = 0.22). Consequently, SY and ASY 
survival data were pooled. In an attempt to further increase parsimony of the 
1990 hen survival model, the monthly model was compared to the simpler 
seasonal model, and no differences were found (G = 2.6, 4 df, P > 0.25) 
(Table 5). Comparisons among monthly survival rates showed that survival in
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Table 4. April-August survival rates for different age classes of
radlocollared hen pheasants on the Nampa Study Area, southwestern
Idaho, 1990-91.
Year Age
Hens
dying
Apr-Aug survival
Hen-days Rate 95% Cl
1990 SY 2 1313 0.792 0.573-1.000
1990 ASY 8 2168 0.568 0.384-0.841
1990 Combined 10 3481 0.644 0.490-0.846
1991 SY 9 1116 0.290 0.129-0.651
1991 ASY 6 1628 0.568 0.362-0.893
1991 Combined 15 2744 0.435 0.283-0.661
April and June was lower than in July and August (Z-tests, P < 0.05). 
Comparisons of seasonal rates (daily seasonal rates to control for the different 
lengths of the seasons) showed that summer survival was higher than winter 
(Z = 1.73, P = 0.04) or spring survival (Z = 3.17, P = 0.001), while winter and 
spring survival rates were not different (Z = 1.09, P = 0.14).
In 1991, April-August survival was not different for SY’s or ASY’s (Z =
1.57, P = 0.06) (Table 4). Again, no differences were found between SY and 
ASY survival rates within smaller time periods in 1991 (Z-tests. P > 0.05). The 
age-spedfic survival model for 1991 was not different from the model with age 
classes pooled (G = 2.3, 1 df, P = 0.13), so SY and ASY survival data were 
pooled. Further simplifying the model from monthly time periods to  seasons 
was not possible due to  differences in the 2 models (G = 7, 3 df, P < 0.1)
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Table 5. Monthly and seasonal survival rate estimates for radiocollared
hen pheasants on the Nampa Study Area, southwestern Idaho, 1990.
Period
Period
length
Total
hens
dying
Total
hen-
days
Survival rate
Daily Interval
95% Cl 
for interval
Feb 28 2 688 0.997 0.922 0.823-1.000
Mar 31 1 731 0.999 0.958 0.882-1.000
Apr 30 3 958 0.997 0.910 0.818-1.000
May 31 2 815 0.998 0.927 0.834-1.000
Jun 30 5 698 0.993 0.806 0.667-0.973
Jul 31 0 545 1.000 1.000
Aug 31 0 465 1.000 1.000
Win 59 3 1,419 0.998 0.883 0.766-1.000
Spr 91 10 2,471 0.996 0.691 0.550-0.869
Sum 62 0 1,010 1.000 1.000
Feb-Aug 212 13 4,900 0.998 0.610 0.466-0.798
Apr-Aug 153 10 3,481 0.997 0.644 0.490-0.846
(Table 6) so monthly survival estimates were used. In 1991, survival in July 
was lower than in April, June, o r August and survival in May was lower than in 
April (Z-tests, P < 0.05).
The April-August survival rate o f all hens was higher in 1990 than 1991 (Z 
= 1.63, P = 0.05). Survival o f ASY’s was not different between years (Z = 
0.0023, P = 0.5), but surwval o f SY’s was higher in 1990 than 1991 (Z -  2.84,
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Table 6. Monthly and seasonal survival rate estimates for radiocollared
hen pheasants on the Nampa Study Area, southwestern Idaho, 1991.
Period
Period
length
Total
hens
dying
Total
hen-
days
Survival rate
Dally Interval
95% Cl 
for interval
Apr 30 2 877 0.998 0.934 0.845-1.000
May 31 6 742 0.992 0.777 0.621-0.934
Jun 30 2 548 0.996 0.896 0.760-1.000
Jul 31 5 387 0.987 0.668 0.432-0.904
Aug 31 0 190 1.000 1.000
Span 153 15 2,744 0.995 0.435 0.285-0.585
P =0.003). Differences were found In survival phenology between years (G = 
10.3, 2 df, P < 0.01), so year data were not combined. Comparisons of rates 
fo r the same months In different years showed that survival In July was lower 
In 1991 (Z '=  4.8, P < 0.001) and survival In May was probably lower In 1991 
(Z = 1.58, P = 0.057) (Fig. 5).
Dispersal
In 1990, 12 o f 21 hens moved more than 0.8 km from the wintering area 
fo r their earliest nest attem pt In addition, 2 o f 6 censored birds dispersed 
before being censored (an additional 3 may have dispersed), and 1 o f 6 
mortalities dispersed before dying. Total dispersal in 1990 was 15 of 33 hens,
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Fig. 5. C um ulative survival estim ates fo r rad ioco iia red hen pheasants on 
th e  Nampa Study Area, southw estern Idaho, 1990-91. E rror bars 
represent 95% 01.
or 45% of all hens alive on 1 April, In 1991, 12 of 19 hens moved more than 
0.8 km from the wintering area for their earliest nest attempts. Additionally, 2 
o f 6 censored hens dispersed before being censored, and 3 of 9 mortalities 
dispersed before dying. Total dispersal in 1991 was 17 of 34, or 50%. The 
distribution of dispersal distances was right skewed in both years, with only a 
few hens moving great distances. No difference was found between hen 
dispersal distances, as measured by early nest attempts, in 1990 and 1991 {U 
= 148, P = 0.35). SY‘s did not disperse further than ASY’s in either year.
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though the difference was nearly significant in 1991 {U = 59, P = 0.058) (Fig.
6). Dispersal distances of SY’s were not different between 1990 and 1991 {U
= 21, P = 0.149).
Median dates of dispersal from the winter minimum convex polygon home 
range were 13 April 1990 (n = 15, range = 20 March, 13 May), and 28 April 
1991 (n = 13, range = 14 April, 28 May). These estimates include hens 
which dispersed but failed to initiate nests prior to censoring or mortality.
Nesting
During the study, 56 nests were observed. The mean clutch size of all 
nests was 8.36 ± ,  0.47 (n = 38). Mean clutch size (Table 7) did not differ 
between years for early (f-test, t = 0.84, 8 df, P > 0.1) or late nests (f « 1.27,
Table 7. Mean clutch size and mean initial brood size for early and late 
nest attempts of radiocollared pheasants on the Nampa Study Area, 
southwestern Idaho, 1990-91.
Year
Mean clutch size
Mean Initial 
brood size
Early SE Late SE Early SE Late SE
1990 10.2 1.06 7.7 0.57 9.0 1.48 5.8 1.11
1991 9.2 0.55 8.9 0.76 7.0 0.96 6.0 1.19
Combined 9.8 0.61 8.4 0.50 7.9 0.83 5.9 0.77
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Fig. 6. Median and range of dispersal distances for second-year (J) and 
after-second-year (A) radiocoiiared hen pheasants on the Nampa Study 
Area, southwestern Idaho, 1990-91.
6 df, P > 0.1). When years were pooled, mean clutch size did not differ for 
early or late nests (f = 1.07, 17 df, P > 0.1). No differences were found 
between years in mean initial brood size (mean number of eggs hatching per 
clutch) fo r early nests (f = 1.13, 4 df, P > 0.1) or late nests (f = 0.12, 4 df, P 
> 0.1). When yearly data were pooled, mean initial brood size was not 
different for early or late nests (f = 1.46, 10 df, P = 0.7) (Table 7).
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Egg fertility did not differ between 1990 and 1991 for early attempts (Z = 
0.65, P = 0.26) or late attempts (Z = 1.46, P = 0.07), so data were pooled. 
Fertility was higher for early attempts (0.97 _+ 0.02) than late attempts (0.82 _+ 
0.03) (Z = 3.95, P < 0.003). Hatchability of early attempts was 0.94 _+ 0.03 in 
1990 and 0.71 _±. 0.07 in 1991, different between years (Z = 2.92, P = 0.002). 
Hatchability of late attempts was 0.93 _+ 0.05 in 1990 and 0.96 _+ 0.03 in 1991, 
not different between years (Z = 0.42, P = 0.34), and was 0.97 _+ 0.02 for 
both years combined. Hatchability of early and late attempts did not differ in 
1990 (Z = 0.17, P = 0.43), but did differ in 1991 (Z = 3.14, P = 0.001), late 
attempts having higher hatchability.
No differences were found in nest success rates between years (Table 8) 
for early nests (Z = 0.362, P = 0.65) or for late nests (Z = 0.412, P = 0.66).
Table 8. Nest success rates for early and late nest attempts and 
different age classes of radiocoiiared pheasants on the Nampa Study 
Area, southwestern Idaho, 1990-91.
Nest success rate
1990 SE 1991 SE Combined SE
Early 0.43 0.13 0.50 0.14 0.46 0.10
Late 0.62 0.14 0.69 0.13 0.65 0.10
SY 0.30 0.14 0.45 0.15 0.38 0.11
ASY 0.44 0.12 0.83 0.11 0.61 0.09
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Pooled data between years showed no difference between early and late 
attempts (2 = 1.40, P -  0.08). No difference was found between years in 
nest success for SY hens (2 = 0.71, P = 0.24). However, ASY nest success 
in 1991 was higher than in 1990 (2 = 2.12, P = 0.017). SY and ASY nest 
success rates were not different in 1990 (2 = 0.714, P = 0.24) but were in 
1991 (2 = 1.91, P = 0.03).
Mean number of nests initiated per hen entering the breeding season was 
1.3 in 1990 and 1.4 in 1991. A total of 27 nests was destroyed during the 
study period. Nest predation was the most important single factor, accounting 
for 9 losses. Nest predators included domestic dog in 2 cases. Black-billed 
magpie fPica^ in 2 cases, red fox in 1 case, long-tailed weasel fMustela 
frenatal in 1 case, and unidentified predators in 3 cases. Also, 49 depredated 
pheasant eggs, as well as eggs of ducks fAnas spp ), California quail 
fLoohortvx californicusl. mourning doves fZenaida macroural. red-winged 
blackbirds YAoelaius ohoeniceusl. and northern harrier were found in the 
wintering area. Magpies were the probable nest predator because eggs were 
found scattered under predictable perch sites and were usually opened w itii a 
small hole. Abandonment accounted for 7 losses. Of these, 4 were caused 
by myself, 2 by people unrelated to the study, and 1 by unknown causes. 
Flood irrigation destroyed 5 nests, hay mowing destroyed 2, 1 d u td i was 
addled, and no cause could be identified for 3 losses.
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Table 9. Nest Initiation dates for radiocoiiared pheasants on the Nampa 
Study Area, southwestern Idaho, 1990-91.
Period Mean Median Range
1990 all 5/24 5/20 4/14, 8 /2
early 5 /5 5/10 4/14, 5 /25
late 6/13 6 /8 5/20, 8 /2
1991 all 6 /3 6 /5 4 /1 . 7/25
early 5/13 5/15 4 /1 ,5 /3 1
late 6/18 6/15 5/30. 7 /25
Distributions of nest initiation dates for SY and ASY age classes (Table 9) 
did not differ in 1990 (Mann-Whitney test, U = 104.5, P -  0.693) or 1991 {U = 
57.5, P = 0.264). This was also true for the 1990-91 combined data {U =
333, P = 0.638). No difference was found between the initiation dates in 
1990 and 1991 {U = 293.5, P = 0.11). Differences In nest initiation dates were 
found between successful and failed nest attempts [Table 10). Successful 
nests were initiated later than failed nests in 1990 (U = 51, P = 0.05), though 
not in 1991 (U = 44.5. P = 0.09).
Hen success
in 1990, 35 radiocoiiared hens entered the nesting season, but 8 were 
censored before hatching a nest. For the rest, hen success was 0.52 ̂  0.10.
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Table 10. Nest Initiation dates for successful and failed nests of 
radiocoiiared pheasants on the Nampa Study Area, southwestern Idaho, 
1990-91.
Year and fate Mean Median Range
1990 successful 6 /4 5/28 4/30, 8 /2
1990 failure 5/17 5/13 4/5 , 6 /14
1991 successful 6 /5 6 /7 5/9, 7 /2
1991 failure 5/22 5/30 4/1 . 6 /15
1990-91 successful 6 /5 6 /5 4/30, 8 /2
1990-91 failure 5/19 5/22 4/1, 6 /15
Of the 13 unsuccessAjI hens, 10 died before hatching a nest, and 3 continued 
to  renest until monitoring ended 31 August. In 1991, 35 hens entered the 
nesting season and 7 were censored. Hen success was 0.54 _+ 0.09 for the 
rest. Mortality was the only cause of hen failure In 1991. All hens monitored 
during the breeding seasons nested, and 88% (n = 23) of all failures was due 
to  hen mortality. Hen success did not differ between years (Z = 0.13, P = 
0.45), and combined hen success for 1990-1991 was 0.53 _+ 0.07 (Table 11).
Hen success did not differ between years for SY’s (Z = 1.07, P = 0.14) or 
ASY’s (Z = 1.03, P -  0.15). SY and ASY hen success were not different after 
data from each year were pooled (Z = 0.13, P  = 0.55).
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Table 11. Hen success by year and age class for radiocoiiared
pheasants on the Nampa Study Area, southwestern Idaho, 1990-91.
Year
Hen success rate
SY SE ASY SE Total SE
1990 0.83 0.17 0.42 0.11 0.52 0.10
1991 0.38 0.14 0.60 0.13 0.54 0.09
Combined 0.48 0.11 0.50 0.09 0.53 0.07
Habitat development and availability
Nesting cover available to the radiocoiiared hens totalled 3,983 ha in 1990 
and 4,170 ha in 1991, but most types were available only seasonally (Table 
12). The amount of each cover type did not differ between years (%̂  = 1.52, 
a df, P > 0.25). Few agricultural crops were useable as nesting cover before 
1 May, and the only nesting cover available was In sagebrush and wetlands 
on the Deer Flat NWR, irrigation ditches, and old feed lots. During May and 
the first half of June, hay alfalfa and small grain were the only agricultural 
cover types available. Peas were growing but provided poor cover. After mid- 
June, seed alfalfa and sugar beets began to develop and become available. 
Other row crops did not provide cover until July and some row crops, onions 
fo r example, never provided good cover. Development of small grain, hay 
alfalfa, and sugar beets In 1991 were about 10 days later than 1990 due to 
cool, wet weather. For early nest attempts, idle land, sagebrush, small grain.
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Table 12. Areas of cover types (ha) and their mean mature height-
densities (Rebel et al. 1970) on the Nampa Study Area, southwestern
Idaho, 1990-91.
Cover
type
Total area 
1990 1991
Mean
field
size
(ha)
Mean 
mature ht- 
density
Ht-
dens'ity
SE
Idle
land 54 64 2.3 7.2 1.2
Sage­
brush 651 651 36.0 1.1 0.7
Small
grain 431 297 4.5 9.5 0.7
Hay 88 70 6.0 4.7 0.4
Peas 128 203 8.4 2.0 0.2
Seed
alfalfa 1,170 1.216 14.1 5.0 0.3
Sugar
beets 453 521 8.3 4.9 0.2
Row 
crops . 601 748 4.1 4.2 0.5
Residential 407 403 8.0
hay, and peas were the only cover types available. For late attempts, the rest 
o f the agricultural cover types were available.
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Habitat use
Use of cover for early nest locations was different than cover availability (%̂  
= 27.9, 4 df, P < 0.005). Small grain and idle land were used more often than 
expected based on availability, and peas and sagebrush were not used 
(Fig.7). A sim ilar analysis for late nests showed no difference between use 
and availability (%̂  = 0.7, 2 df, P > 0.25),
0.8
^ 0.6 - 
t lg.
2 0.4 
CL
0 J 2 -
0 - L l
11 Use ^Availability
Idle Small grains Hay Sagebrush Peas
Fig. 7. Nesting cover use versus availability for nests Initiated before 1 
June by radiocoiiared pheasants on the Nampa Study Area, southwestern 
Idaho, 1990-91. Vertical bars denote BonferronI adjusted 90% Cl.
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Nest success varied with the cover type used (Fig.8), although no 
significant differences were found. Nest success in Idle land, small grain, and 
seed alfalfa (the 3 most used cover types) did not differ significantly from 
success rates expected in those cover types, based on overall nest success 
(x* = 1.32, 2 df, P > 0.25).
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(22)
to
Q> 0.4 
Z
(11)
0.2
Idle land Small grains Hay Seed alfalfa Row crops
Fig. 8. Nest success by cover type for radiocoiiared hen pheasants on the 
Nampa Study Area, southwestern Idaho, 1990-91. Sample sizes are In 
parentheses.
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Brood survival
Radiocoiiared hens hatched 14 nests in 1990. Of these, 12 provided 
brood survival data and 2 were never seen. Two broods were lost to 
unknown causes; 1 loss occurred in the second week and 1 in the third. 
Eleven broods were observed for 2 weeks, 7 for 4 weeks, and 4 for 8 weeks 
until independence.
In 1991, brood survival was much lower. Of 15 nests hatched, 8 broods 
were known lost. Five failures were due to the death of the hen (1 to hay 
mowing, 2 to dog predation, and 2 to unknown causes). The cause of brood 
failure could not be determined in 3 cases where the hen survived. One 
brood was never seen, and radio contact was lost with 2 broods during the 
first 2 weeks. Only 1 brood was known to surwve the 8 weeks to 
independence.
Brood survival during the first 8 weeks was 0.830 In 1990 and 0.250 in 
1991. However, these results are not significantly different (G-test, G = 10.3, 
8 df, P > 0.25). When survival in weeks 1 through 4 was compared between 
years, survival was higher in 1990 (G = 10.3, P < 0.05). Brood survival 
estimated with combined 1990-1991 data was 0.564 for the first 8 weeks.
The observed reduction in brood size (excluding broods entirely lost) was 
used to estimate brood size at fledging. In 1990, mean Initial brood size was 
7.9 (n = 8), shrinking 54% to 3.7 (n = 4) by the beginning of the third week,
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Table 13. Daily and weekly brood survival estimates using the Mayfield
method for broods of radiocoiiared pheasants on the Nampa Study
Area, southwestern Idaho, 1990.
Week Losses
Brood-
days
Survival rate
Daily Interval 95% Cl for interval
1 0 84 1.000 1.000
2 1 78 0.987 0.914 0.752-1.000
3 1 73 0.986 0.908 0.736-1.000
4 0 68 1.000 1.000
5 0 47 1.000 1.000
6 0 41 1.000 1.000
7 0 32 1.000 1.000
8 0 28 1.000 1.000
Span 2 449 0.997 0.830 0.614-1.000
and 61% to  3.1 (n = 4) by the beginning of the fifth week. In 1991, mean 
initial brood size was 6 (n = 4), shrinking 50% to 3 (n = 2) by the beginning 
o f the fifth week.
DISCUSSION
Trapping
Mist netting provided a productive, though labor Intensive, method for 
capturing pheasants. Drives carried out during the afternoon in the vrintering 
area were usually successful. Pheasants were also netted while returning to
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Table 14. Daily and weekly brood survival estimates using the Mayfieid
method for broods of radiocoiiared pheasants on the Nampa Study
Area, southwestern Idaho, 1991.
Week Losses
Brood-
days
Survival rate
Daily Interval
95% Cl for 
interval
1 2 89 0.978 0.853 0.665-1.000
2 3 63 0.952 0.711 0.436-0.986
3 1 38 0.974 0.830 0.526-1.000
4 2 21 0.905 0.496 0.014-0.978
5 0 12 1.000 1.000
6 0 7 1.000 1.000
7 0 7 1.000 1.000
a 0 7 1.000 1.000
Span 8 244 0.976 0.250 0.000-0.531
the wintering area at dusk, after being driven out. Netting near dusk was very 
effective, but untangling birds in the dark was difficult. The main advantage of 
netting in the wintering area was that some pheasants were always present, 
whereas results were unpredictable in smaller cover patches. The 
disadvantage was that many person-hours were required to  set up and take 
down the large array of nets needed for trapping in the wintering area. Netting 
In a small cover patch nearby was relatively more efficient in hens caught per 
net set o r person-hours expended, but recaptures were more common there. 
Baited walk-ln traps were Ineffective in this study, perhaps because snow
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cxDver was lacking. Mist nets must be constantly monitored: one hen 
pheasant was killed by a northern harrier and small birds were frequently 
caught before drives had begun.
The poncho mount appears to  be basically a good design. Initial 
problems with shed ponchos were due to excessive wear on the light 
rubberized fabric first used; heavy vinyl Herculite fabric largely solved this 
problem. The ponchos stretched and loosened over time, so I suggest 
making a small hole and stretching the material before putting it over the bird’s 
head.
The 19-g radio packages were approximately 2% of the mean hen weight 
o f 857 g. This is below the maximum 2.3-3.3% criteria identified in Illinois 
(Warner and Etter 1983) and close to  the 13.5-18.6 g package weight used 
w ith no discernable effect in Colorado (Snyder 1985). Backpack-mounted 
radios used in both of these studies may not be comparable to the poncho 
mounts I used. When poncho mounted radios were placed on greater prairie- 
chickens fTvrnoanuchus cuoido) in Missouri, Burger et al. (1991) found those 
with heavier radios (1.9-2.3% of body weight) had lower survival than those 
with lighter radios (approximately 1.5% of body weight). Poncho mounted 
radios were found to  negatively affect behavior and survival of sharp-tailed 
grouse fTvmpanuchus ohasianellusl in Idaho (Marks and Marks 1987). 
Radiocoiiared grouse were often the last in a group to flush and the sound of
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the antenna slapping against the wing in flight could be heard. I observed 
both later flushing and antenna slapping during my study. However, the 
sharp-tailed grouse studied by Marks and Marks (1987) wore solar-powered 
radios that were more visible to their main predator, the northern goshawk 
fAccioiter oentilis). On the NSA ttie main predators were mammals, which rely 
less on vision to hunt. In Wisconsin and New York, where the main predators 
were also mammals, mortality of hens wearing backpack-mounted radios was 
found to  be similar to  mortality estimates of untagged hens (Dumke and Pils 
1973, Penrod et al. 1986). If my radiocollars interfered with flight and made 
hens reluctant to fly, this may have reduced survival of radiocoiiared hens by 
increasing their exposure to  predators.
Interference of the antenna with flight was an important and probably 
correctable problem. In one extreme case I observed a radiocoiiared hen 
flush, rise about 2 m, and fall back to the ground, evidently "tripped" by the 
antenna. The effects of the transmitter could be reduced or eliminated by 
shortening antenna length. Antenna length on my transmitters was about 25 
cm, and I felt it could be shortened to 12-15 cm without seriously affecting 
signal strength. I strongly recommend that a future study use both long and 
short antennas to compare effects on signal strength, behavior, and survival.
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Hen survival
When comparing survival rates between studies, I used the high estimate 
(censored hens not considered mortalities) from my survival data. This was 
done to  offset the presumed negative bias associated with carrying radios.
Hen survival during the spring and summer was similar to that documented in 
other telemetry studies (Table 15). In a comprehensive review of pheasant 
population studies, Petersen et al. (1988) determined that . .  average annual 
survival of less than 30% is apparenWy insufficient for population maintenance." 
Spring-summer survival on the NSA varied from 0.64 in 1990 to 0.44 in 1991. 
Hence, fall-winter survival would have to vary from 0.47 to 0.69 for annual 
survival to  equal 0.30. Winter surwval of hens depends strongly on weather. 
Except for periods of complete snow cover, w inter is the period of highest 
survival, up to 0.78 in New York (Penrod et al. 1986) and 0.95 in Missouri 
(Wilson et al. 1992). However, during a brief period of extreme cold and 
snow, 86% of a South Dakota population died (Kimball et al. 1956:233). In 
Iowa, hen survival was low during the fall, especially for juveniles (Etter et al. 
1988). If fall survival was as low as spring and summer survival on the NSA, 
then hen survival may be an important factor influencing the dynamics of this 
population. Thus, understanding the role of hen survival in the dynamics of 
this population will require data on fall and winter survival.
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Table 15. Seasonal survival rates of radio-tagged hen pheasants from
selected studies.
Study Location Spring
Survival rate 
Summer Total
Dumke and Pils 1973 Wisconsin 0.710 0.856 0.612
Wooley and Rybarczyk 1981 Iowa 0.544 0.697 0.380
Snyder 1985 Colorado 0.674 0.833 0.561
This study 1990 Idaho 0.691 1.00 0.644
This study 1991 Idaho 0.656 0.583 0.435
In New York (Penrod et al. 1986) and many other studies (Table 15), 
survival was almost always lowest in the spring, lower only during winter 
periods of total snow cover. Low spring survival was attributed to mortality 
during dispersé movements (Snyder 1985, Penrod et al. 1986). This was also 
the case in my study. Hens began ranging widely in April and May when 
hiding cover was still limited to residual vegetation on idle land and sagebrush 
on Deer Flat NWR. Differences in ASY and SY survival paralleled differences 
in dispersal distances in both years. Greater SY dispersal distance in 1991 
was associated with reduced SY survival. However, this pattern of lower 
spring survival is not clearly documented due to  the lack of survival data 
available from other seasons in this study. W inter survival estimates are from 
1990 data only and telemetry monitoring was infrequent during this period. 
This led to  the exclusion of many mortalities that may or may not have
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occurred during the 7-day grace period, possibly inflating winter survival
estimates. Summer survival estimates are based on small sample sizes, only
18 hens on 1 July 1990 and 17 on 1 July 1991.
Survival was low after dispersal. In June 1990 and July 1991, well into the 
nesting period. No hens died during incubation in 1990, but 5 died after failed 
nest attempts. In 1991, 7 died while Incubating or within 2 days of hatching a 
nest, and 1 died after a failed nest attempt. The lowest monthly survival 
measured during the study, in July 1991, was largely due to predation of 2 
hens by domestic dogs. This also represents the biggest difference in survival 
data between 1990 and 1991. Although sample size is small, predation 
pressure appeared to shift from wild predators in the spring to domestic 
predators in the summer as dispersing hens moved away from the haunts of 
wild predators and closer to  the suburbs of Nampa. This addition of domestic 
predation to wild predation may be an important difference between survival 
on the NSA and elsewhere.
Correctly identifying the predator responsible by evidence at the kill site is 
difficult, especially in the case of canids (coyote, dog, and red fox all occur on 
the NSA). I am confident of the 3 cases identified as domestic dog predation 
because of tracks and sightings. Domestic dogs were often seen roaming the 
wintering area and adjacent fields, and sometimes cached prey by burying it in 
a manner similar to red fox. Fox were considered the predator when
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radiocollars were retrieved from a den (6 cases), though these hens might 
have been scavenged. Dogs or fox were the most likely predator in cases 
identified as unknown mammal, but raccoons fProcvon lotorV striped skunks 
fMephitis meohitisV and long-tailed weasels fMustela frenata) occurred on the 
NSA and are also possible predators. In any case. I am reasonably confident 
that red fox were the most important predators on the NSA.
Due to  weaknesses in the survival data, I cannot document the overall 
importance of hen survival in the population dynamics of pheasants on the 
NSA. Due to  its close association with hen success and brood survival, 
however, it probably is important. Mortality of hens was considered the most 
important aspect of population dynamics due to  tine loss of the high 
reproductive potential of the hen (Jarvis and Simpson 1978, Penrod et al 1986, 
Petersen et a*. 1988). Though the data were not conclusive, hen survival on 
the NSA should be an area of further study.
Dispersal
Hens were removed from the study by radio-failure, emigration, poncho 
slipping, and mortality. Mortality and poncho slipping were usually easy to 
differentiate, with few exceptions. Because great homed owls first remove the 
head o f their kill (Dumke and Pils 1973), radiocollars may appear to have 
slipped off. This was observed in 2 cases on the NSA. Radio-failure and
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emigration were indistinguishable in all but 5 cases. In 2, constant static was 
all that was heard, 1 radio was intermittent for 2 weeks before disappearing, 
and 2 failures were of 2-year-old radios that slowly faded away. Excluding 
these, 8 hens were censored due to lost radio contact during the dispersal 
period, amounting to  11% of all dispersing hens.
The role of emigration and immigration on population dynamics has been 
largely overlooked in pheasant recruitment studies (Warner 1988). The innate 
dispersal rate and dispersal distance in pheasants is potentially high 
(Trautman 1982:40, Etter et al. 1988, Warner 1988). In Iowa, 5 dispersal 
movements (4%), were greater than 3.3 km (Wooley and Rybarczyk 1981), 
while in Colorado (Snyder 1984) dispersal movements of 3.2 to  4.8 km were 
common, and ranged up to 10 km. Dispersal rate is probably density- 
dependent and the extremely high densities of 4.7 pheasants per acre 
observed on Protection Island, Washington (Einarsen 1945) and 3.7 per acre 
on Pelee Island (Stokes 1954) were due In part to their inability to disperse. 
According to  Stokes (1956:371), " . . .  it is doubtful if the pheasant densities of 
Pelee Island could be duplicated on any area where birds were free to move." 
The relationship of higher hen age ratios and greater SY dispersal in 1991 
provides some evidence in my study that dispersal is density-dependent. 
W inter cover on the NSA is scarce and holds high densities of wintering
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pheasants, possibly leading to increased dispersal and associated losses from
Increased spring mortality and emigration.
The degree of isolation of pheasant populations and the suitability of the 
habitat between the population "islands" help determine the balance between 
immigration and emigration, and may influence local population dynamics. In 
the extreme, if a population is isolated and the surrounding area acts as a 
"population sink" (Pulliam 1988), then density-dependent dispersal can remove 
the annual population surplus and maintain low densities in the isolated 
population. I suspect that this is happening on the NSA. The concentration of 
pheasants in the wintering area represents a fairly isolated population, 
surrounded by Lake Lowell to the south, and the Nampa-Caldwell residential 
areas to  the north and east. This may tend to make dispersal a "one-way 
filter" (Janzen 1986) in which emigration is greater than immigration. Hens 
dispersing from the wintering area enter urban or suburban areas unsuitable 
for reproduction (the population sink). My data support the association of 
increased SY dispersal and lower SY survival and hen success in 1991. In 
1991, hen number 79 moved 4 km from the wintering area to  nest in a hayfield 
surrounded by houses on the edge of Nampa. The nest hatched but the hen 
was killed by a neighborhood dog within 2 days of hatch. Hen number 86 
moved 5.1 km, the longest detected dispersal movement, and nested in a 
grain field on the edge of a residential area on the Nampa-Caldwell business
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Strip. She hatched a brood which disappeared In the first week, and she 
herself disappeared at the end of the summer. Understanding the 
relationships between population dynamics, emigration, and immigration in 
increasingly fragmented and Isolated habitat patches Is Important for 
assessing the value of managing pheasant range.
Clutch size
Early pheasant productivity studies estimated mean clutch sizes of 10.6 (n 
= 136) (Baskett 1947), 11.8 (n = 1,348) (Stokes 1954), and 11.2 (n = 574) 
(Gates and Hale 1975). Mean clutch size in my study was lower than on 
Pelee Island (Stokes 1954) or in Wisconsin (Gates and Hale 1975). This Is 
true whether considering all completed clutches or first attempts only.
Egg fertility and hatchabillty In my study did not appear to differ from the 
values o f studies compiled in Gates and Hale (1975), with the exception of low 
hatchabillty of 0.71 In 1991. This low rate Is due mostly to 1 nest, in which 
only 3 of 9 eggs hatched.
Mean Initial brood size of 6.5 was low compared to 10.0 in Wisconsin 
(Gates and Hale 1975), 9.8 in West Hampshire, England (Hill 1985), and 9.4 in 
New York (Penrod et al. 1986). If mortality of chicks is not related to  brood 
size (Ewing 1992), then initial brood size may be an important determinant of
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brood size at fledging. TTie causes of low initial brood size on the NSA merits 
further study.
The trend o f decreasing clutch sizes for later attempts (Errington and 
Hamerstrpm 1937, Baskett 1947) was not obseived in this study. This well 
documented pattern may have been missed due to small sample size o f nests 
and the fact that some second attempts were undoubtedly classified as early 
attempts. It could also be due to predation of single eggs from complete 
clutches, also seen in Wisconsin (Baskett 1947). This type o f predation was 
more common for early attempts, especially in the wintering area where 
magpies were abundant, and tended to decrease apparent clutch size more 
for early attempts. Decreased mean initial brood size for later attempts was 
found on the NSA, possibly due to the additive effects of declining clutch size 
and apparent reduced fertility of later attempts. Eggs may become addled 
due to overheating (Yeatter 1950), accounting for apparent reduced fertility of 
later clutches in this study.
Nest initiation dates
The phenology o f the nesting season was late compared with other 
studies. Though nest initiation on the NSA began at a normal time, early April, 
the nesting season was extended later than other studies, as late as 2 August 
1990. In North Dakota, the latest nests observed were initiated 23 June
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(Carrol and Sayler 1990). Mean nest initiation dates on the NSA were 24 May, 
1990 and 6 June, 1991, compared to 10-20 May (Gates and Hale 1975), the 
first half of May (Wooley and Rybarczyk 1981), and 29 April (Penrod et al. 
1986). increased renesting due to high failure rates of early nests, especially 
in the en te ring  area, was probably the primary cause. The date o f nest 
initiation is important. Earlier nests often have larger dutches and larger initial 
brood size than later nests (Stokes 1954, Gates and Hale 1975, Carroll and 
Sayler 1990). Other factors associated with nest initiation date may be 
important as well. In Iowa, younger juveniles had lower survival than older 
juveniles in the fall, during the period of radical environmental changes 
associated with crop harvest. Every week delay in hatch date corresponded 
to  a reduction in fall and winter survival of 0.03 (Etter et al. 1988).
Nest success
More has probably been written on nesting than any other aspect of 
pheasant recruitment. Early studies documented surprisingly low rates of nest 
success. The first sentence in the first paper in the Journal of Wildlife 
Management stated, "In the new and growing field o f consen/ation biology, 
few life history phenomena have occasioned more comment than the heavy 
percentages of nest failures recorded for many species of birds thus far 
studied" (Errington and Hamerstrom 1937), The early emphasis on nest
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success for pheasant recruitment probably occurred for several reasons.
Early researchers could not reliably estimate the other Important parameters of 
recruitment such as hen success and brood survival, so they focused on nest 
success. The pheasant places its nest on the ground, a relatively vulnerable 
location. Finally, the highly visible destruction o f a large proportion of nests, 
especially due to hay mowing (Dustman 1950) suggested that safe nesting 
cover was o f great importance. A comparison of nest success between 
studies (Table 15) is complicated by different methods of data collection and 
analysis. In early studies, methods involved intensive nest searching, in which 
a sample of nests was located and later revisited. The proportion of all nests 
found which hatched was then reported as nest success. The bias associated 
with such estimates is well known (Mayfield 1961) and can be large. Green 
(1989) developed a method to  convert such "crude" estimates to Mayfield 
estimates and this is used in Table 15 for adjusting nest success estimates. 
Later studies employed radio telemetry to follow hens and monitor nests. 
Assuming all nests are found and fates are correctly identified, this method 
provides a true estimate of success, directly comparable to  Mayfield estimates 
of nest success. Hay mowing was responsible for a high proportion of nest 
failures obsen/ed by Baskett (1945), Under et al. (1960), and Gates and Hale 
(1975). In this study, hay m oving was unimportant as a cause of nest failure. 
Only 2% of the cover present on the Nampa study area was hay and only 2
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nests were destroyed by hay mowing. Comparable telemetry studies found 
nest success the same as or lower than found on the NSA. This suggests 
that nest success is not the main problem for pheasant recruitment on the 
NSA.
Table 16. Nest success estimates from pheasant nesting studies.
Study Location
Nest
suc­
cess n
Errington and Hamerstrom (1937)* Wisconsin 0.41 251
Ekiund (1942)* Oregon 0.45 114
Baskett (1947)* Iowa 0.26 533
Stokes (1954)* Pelee Island 0.45 2,360
Linder et al. (I960)* Nebraska 0.15 622
Trautman (I960)* South Dakota 0.21 1,200
Bartmann (1969)* Utah 0.25 84
Gates and Hale (1975)* Wisconsin 0.30 1,363
Wooley and Rybarczyk (1981)** Iowa 0.43
Snyder (1984)^ Colorado 0.51 105
Penrod et al. (1986)" New York 0.32 135
This study" Idaho 0.56 52
* Crude nest success rate adjusted to  reduce bias (Green 1989). 
Studies monitoring nest success of radio-tagged pheasants.
An assumption of my technique for estimating nest success was that no 
nests were missed. If, as suspected, some early nests were destroyed before 
incubation began, nest success estimates would be biased high. To address
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this, I assumed that all hens which initiated their first known nest in May (11 In 
1990 and 8 in 1991) had actually lost one nest previously. Under this 
assumption, nest success was 0.39 in 1990, 0.45 in 1991, and 0.41 for both 
years combined. In reality, true nest success was probably between the 
observed and the adjusted estimate. In either case, these figures are higher 
than most estimates of nest success from other studies. Comparisons o f nest 
success between early and late attempts showed significantly lower success 
on early attempts. If some early attempts were destroyed before being 
located, this difference is still larger. These results reflect the relationship 
between nest success and initiation date discussed earlier.
Predation was the primary cause of nest failure observed in this study.
High predation rates in the good nesting cover on the wintering area was 
primarily responsible for the failure to document early attempts. This is also 
where I found large numbers of depredated eggs. More evidence for this high 
predation rate is that none o f 6 nests found in the wintering area hatched and 
these were some of the earliest attempts. Only 2 nests were located in the 
wintering area before incubation had begun. They never reached clutch 
completion due to nest predation. I suspect that many hens attempted to  
complete their first clutch in the wintering area, but were unsuccessful because 
their eggs were destroyed as they were laid. Lack (1968:15) pointed out that 
the natural nesting density of a bird species is often inversely proportional to
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nest site vulnerability. Pheasants, with highly vulnerable ground nests, should 
do better nesting in low densities. When nesting cover is extremely limited, as 
it is early in the nesting season, pheasants on the NSA are forced to nest in 
densities similar to colonial nesters, though the necessary safe nest sites are 
not present.
Pheasants often drop single eggs at random, practice egg dumping 
(intraspecific brood parasitism), abandon nests, and generally waste some 
reproductive effort (Baskett 1947, Buss et sJ. 1951, Stokes 1954). The amount 
o f wasted reproductive effort has been related to breeding population densities 
and has been suggested to  act as a density-dependent population control 
(Stokes 1954, Under and Agee 1965). At densities of 2.5 breeding hens per 
ha, nest abandonment rates of 38% were seen on Pelee Island (Stokes 1954). 
Though pheasants on the NSA may have never approached 10% of these 
densities, densities of breeding hens on the wintering area in early spring may 
have been as high as 8 hens per ha, making nest abandonment potentially 
important. This suggests that some of the depredated eggs found in the 
wintering area may have been abandoned, and hence represent little real loss 
to  potential recruitment. Nonetheless, such conditions, leading to the waste of 
the hen’s energy, are not desirable.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
Hen success
Hen pheasants will nest repeatedly If their clutch is destroyed (Trautman 
1982). Telemetry studies have shown hens attempting up to  5 nests in 1 year 
(Penrod et al. 1986). On the NSA, 2 hens renested twice after destruction of 
clutches. One hen sat for 55 days on an addled clutch, and when she did 
abandon, initiated another nest in the first week o f August. The strong 
renesting effort of the hen pheasant increases the importance of hen survival 
fo r recruitment.
Hen success of 0.53 on the NSA compares favorably to other telemetry 
studies: 0.63 in Iowa (Wooley and Rybarczyk 1981), 0.54 in New York (Penrod 
et al. 1986) and 0.53 in Wisconsin (Dumke and Pils 1979). Before telemetry, 
hen success was estimated by comparing the number of hens with broods to 
all hens seen on brood route surveys, and adjusting for estimated hen survival 
over the breeding season. These studies found hen success of 69-79% 
(Errington and Hamerstrom 1937), 77-85% (Stokes 1954), and 53% (Gates 
and Hale 1975). Because hen survival was estimated, often from mortalities 
found incidentally while nest searching (Stokes 1954), it is likely that these 
estimates o f hen success were biased high.
All hens monitored on the NSA nested. The cause o f failure was death of 
the hen in 88% of all failures, pointing to  the importance of hen survival and 
the effect of predation on recruitment (Jarvis and Simpson 1978). Gates and
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Hale (1975:66) found that T he  percentage of hens produdng young was 
significantly correlated with hen survival from May to  October." Chesness et 
al. (1968) found that predator removal led to  pheasant population increases. 
However, Trautman et al. (1974) found that control of red fox had a small 
effect on pheasant population increase compared to control of fox and nest 
predators such as the striped skunk and badger fTaxidea taxis i: this suggests 
that increased nest success had substantial impacts on population dynamics.
Brood survival
Of all of the parameters of recruitment, survival of chicks and entire broods 
is the most poorly documented due to the secretive nature of the brooding 
hen. Before radio-telemetry, researchers estimated chick survival by observing 
reduction in brood size over the summer (Errington and Hamerstrom 1937, 
Baskett 1947, Stokes 1954). This technique is unreliable because obtaining 
complete counts is difficult, broods may combine, and loss of entire broods 
goes undetected. Radio-telemetry studies such as this one avoid only the last 
o f these problems. More precise estimates of chick survival were made by 
radiotagging newly hatched chicks in Iowa (Ewing 1992). He found survival 
during the first 4 weeks to be 0.24-0.30. Survival was highly variable, from 
0.00 to 0.54 between 2 years on 1 area.
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Estimates of brood survival for the first 9 weeks varied from 0.25 to 1.00 
during 2 years in Iowa (Wooley and Rybarczyk 1981). In New York, brood 
survival for the first 3 weeks was 0.73, varying from 0.33 to 0.94 in different 
years (Penrod et al. 1986). This suggests that the highly variable brood 
survival measured on the NSA may not be due merely to  small sample size, 
but is representative of brood survival there. " The Achille s heel of a 
population is usually that age class showing the greatest between year 
variability in either mortality rate or fecundity rate, or in the interaction between 
the two" (Caughley 1977:106). Simply stated, the most dynamic parameter of 
annual mortality and recruitment is often the key to  the short-term dynamics of 
the population.
The cause o f this variability on the NSA seems to relate to  hen survival.
The increased loss of broods in 1991 was due to death of the hen in 5 of 8 
cases. The opinion of Kimball et al. (1956:222) was that losses of entire 
broods was probably unimportant, except " . . .  in heavily settled area, with 
closely spaced farms and towns, and the accompanying greater amount of 
disturbances from man, dogs, cats, stock, and other causes . ..", an accurate 
description of the NSA. The choice of the NSA may have been unfortunate in 
that it is too suburban to  be representative of good pheasant range in 
southern Idaho. On the other hand, creeping suburbanization is a growing
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pressure on much of the pheasant range in southwestern Idaho, and this 
problem should not be overlooked.
The Importance of pesticides to  brood survival on the NSA remains 
unknovm. A ltiiough no chicks were found poisoned, 1 brood hatched In a 
field of seed alfalfa which was sprayed with a potent acariclde 1 week later.
The hen initiated a new nest in the same field 3 weeks after spraying, but the 
cause of brood loss could not be determined.
Brood size at independence
Results from the NSA on brood size were unsatisfactory. I obtained only 8 
complete counts of broods In their third week and 4 in their fifth week.
Locating and flushing broods to  obtain counts was unproductive because it 
was difficult to be sure that all chicks flushed and there may have been 
considerable negative effects on chick survival. Watching field edges during 
the early morning did provide complete counts of broods coming out to  dust 
and warm up, especially for broods older than 3 weeks. However, this 
method was very time consuming and suitable viewing places were not 
available for some broods. Brood reduction in this study from mean initial 
brood size of 6.6 to  3.1 in the fifth week was similar to  that found in Iowa 
(Ewing 1992).
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Nest site selection
The patterns of nesting cover selection and success rates within different 
cover types, though not dramatic, parallel the results of other studies. For 
early nest attempts, idle land was used more than expected based on 
availability (Fig. 7). Considering that most of these nests were in the wintering 
area, where no successful nests were documented, this rates as the poorest 
nesting cover. This wintering area could be an "ecological trap" (Gates and 
Gyseil 1978) with respect to pheasant nesting. In Colorado, nest success was 
lower close to a wildlife management area (Snyder 1984). A key factor in both 
places may have been the presence of magpies, which nested in the woody 
vegetation on both management areas.
No use was made of sagebrush for nesting. In Utah (Bartmann 1969) 
sagebrush was used as expected relative to availability. The nature o f the 
understory was probably of key importance. On Deer Flat NWR. where most 
of the sagebrush was found, the understory was dominated by cheatgrass 
which prowded poor residual cover for early nests. By the time new growth of 
cheatgrass was available, agricultural cover types provided better nesting 
cover. The unfragmented nature of the sagebrush on the NSA also may have 
deterred pheasants. Small grain, especially winter wheat, provided attractive 
nesting cover for early nests. High use and productivity o f this cover was 
reported in Iowa (Baskett 1947), Nebraska (Under et al. 1960), and Colorado
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(Snyder 1984). Other studies have documented lltüe use of grain for nesting 
(Trautman 1960, Bartmann 1969, Gates and Hale 1975). However, in these 
studies the ratio o f small grain to hay alfalfa was proportionally lower than in 
the Iowa, Nebraska, or Colorado studies. In W isconsin (Gates and Hale 1975) 
the most common grain crop was oats, which apparently did not have enough 
early growth to  be attractive to nesting hens. Later attempts on the NSA were 
in seed alfalfa, sugar beets, and mint. Because of their late harvest, these 
cover types provided safe nesting cover for nests initiated as late as mid-July.
The relationships between nesting habitat and nest success were low 
success on idle land, no use of sagebrush, and high success in small grain. 
Considering the large amount of small grain for nesting and the high hen 
success rate on the NSA, management to produce nesting cover should 
probably be a low priority in this area. Elsewhere, where proportionally more 
grain than hay alfalfa is grown, this may also be true. If woody vegetation is 
planted for winter cover, it should not be situated near suitable pheasant 
nesting habitat.
Population model
The final estimate o f recruitment (R) was 0.45, based on data from both 
years and age classes combined. This means that for every hen entering the 
breeding season. 0.45 young hens entered the fall population. To maintain
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population stability, annual population change (C) = 1. Assuming SY winter 
survival = ASY winter survival (S* = Sw), R of 0.45 requires annual hen 
survival (S) of 0.70 and Sw of 0.87. Values of survival this high have rarely 
been observed for wild pheasant populations. Using the minimum annual hen 
survival believed necessary for population stability, S = 0.30 (Petersen et al. 
1988), R must equal 1.27 to maintain population stability. This is almost 3 
times the R observed on the NSA.
Using data from other pheasant telemetry studies to estimate Sw on the 
NSA, and assuming S* = Sw, C for the NSA population can be estimated. In 
New York (Penrod et al. 1986) Sw of radiotagged hens during mild winters 
was 0.87. Combining this with summer survival (Ss) estimates on the NSA to 
obtain annual survival estimates (S = Sw x Ss) gives a range of S on the NSA 
from 0.38 in 1991 to 0.56 in 1990. Using these values and recruitment of 0.45 
yields a range of 0  from 0.77 to 0.95. In Iowa (Wooley and Rybarczyk 1981) 
Sw = 0.54, and using Ss from my study, S ranges from 0.24 to  0.38. Using 
these values in a similar manner gives 0  from 0.48 to 0.62 in my study. All of 
these values are too low to maintain population stability. These values of 0  
may be compared to C estimated using the median values of S and S* from 
the above analysis (S = 0.37 and S* -  0.70). In this case, C = 0.68. All 
further comparisons of 0  will use these median values.
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Fall and winter survival for SY’s may be lower than for ASY’s. Using the 
reduction of S* by 0.03 per week delay in hatch (Etter et al. 1988) and judging 
that hatch date was delayed 2 weeks on the NSA compared to other areas, C 
= 0.67.
Furthermore, the model assumes that the population is closed. If 
emigration and immigration are not balanced on the NSA, then excess 
emigration must further reduce S (though leaving S* unchanged).
Considering emigration of 10% of the hens from the NSA before breeding and 
no immigration (again assuming S* = Sw), C = 0.64.
Comparisons were made between the parameters of recruitment: H, Z, 
and B /2, as they varied between years. The largest changes in recruitment 
were due to  yearly variability in Z: R varied from 0.21 (Z = 0.25) to 0.68 (Z = 
0.83). R varied less due to changes in H, from 0.32 (H = 0.38) to 0.54 (H = 
0.62). R varied least due to changes in B /2, from 0.44 (B /2 = 1.5) to 0.46 
(B /2  = 1.55). Small sample sizes of B /2  make this result suspect.
Assuming no emigration or immigration and Sw = S*, annual variation in Z 
produces a range of C from 0.51 to 0.85, variation in H gives C from 0.59 to 
0.75, and variation in B /2 gives C from 0.68 to  0.69.
The different estimates of C calculated above were compared to  the 
median value (C = 0.68). The proportional change in C from the median 
value shows the relative impact of each parameter on population dynamics.
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These are (proportional change In parentheses): between-year differences in Z 
(0.25), Ss In 1990 (0.16), between-year differences in H (0.13), Ss in 1991 
(0.09), 10% net emigration (0.06). reduced S* due to  late hatch (0.02), and 
year differences in B /2 (0.01).
Annual fluctuations in the parameters of recruitment affect population 
change to  different degrees. Because brood survive varied widely on the 
NSA, as well as in other study areas (Wooley and Rybarczyk 1981, Penrod et 
al. 1986, Ewing 1992), this may be an important parameter controlling short­
term  population changes. Hen survival was next most important, and 
considering the close association of hen survival with brood survival and hen 
success, this is probably the most important parameter for the dynamics of 
this population.
MANAGEMENT IMPLICATIONS
The isolated nature of the NSA pheasant population lent itself to the study 
o f pheasant ecology. Due to  the diversity and high quality of vegetation o f the 
wintering area on Deer Flat N.W.R. and its extremely insular nature from 
December to March, the high density o f all wildlife is astonishing and probably 
somewhat unnatural. Winter hen survival is probably increased due to  the 
increased wariness of a large flock. However, if spring dispersal is density- 
dependent, higher rates of dispersal may decrease spring survival and
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increase emigration from the population. Because the population is almost 
surrounded by Lake Lowell, Nampa, and Caldwell, emigration is probably not 
balanced by immigration. The role of emigration, immigration, and isolation in 
relation to  pheasant population dynamics deserves more study. In general, 
management should not be wasted on small areas o f good habitat surrounded 
by unsuitable habitat. Low survival during dispersal may be avoided by 
managing the small amount of idle land, especially along canals and drainage 
ditches, to  provide hiding cover. By reducing vegetative contrast across the 
vwnter landscape, this may also decrease crowding on the wintering area, 
lowering dispersal. With high prey densities in the wintering area, both a 
functional and a numerical response by predators can be expected (Helling 
1959). Coupled with higher rates of nest abandonment and egg dumping due 
to  high hen density, this may lead to very low nest success. Despite 
appearances, the wintering area is clearly not good nesting habitat, both due 
to  high hen densities in early spring and woody vegetation suitable for corvid 
nest sites. The benefit of woody vegetation fo r pheasant winter cover has 
been questioned (Warner and David 1982), especially when balanced against 
Its value as habitat for nest predators. Because small grain provides 
productive nesting cover, management to  provide nesting cover is probably 
not necessary in an area such as the NSA, where the ratio of small grain to 
hay alfalfa is high.
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Hen survival during the breeding season may be the most important factor 
fo r recruitment, due to its association with hen success and brood survival. 
Because domestic pets and feral cats provide an additional source of 
predators, areas like the NSA may act as population sinks for breeding 
pheasants. Though lethal predator control has been correlated with increasing 
pheasant populations (Chesness et al. 1968, Trautman et al. 1974), I believe 
that these methods would be unacceptable to  the general public. Nonlethal 
means o f predator control (e.g., habitat management to remove den sites) 
could reduce wild predator numbers, favoring hen survival. However, these 
methods would be ineffective at controlling domestic predators. Because of 
this, I do not think it is worth attempting to manage for pheasants in areas with 
human populations as high as on the NSA.
Pheasant brood ecology is still poorly understood. Direct pesticide 
poisoning o f chicks appears to be rare (Messick et al. 1974), but rapid 
changes in pesticide technology and the secretive nature of hens with broods 
suggest that tiiis  needs further documentation. Important indirect effects of 
agricultural chemicals on recruitment have been documented. Brood home 
range size appears to increase in relation to  the level of pesticide and 
herbicide use, possibly because of a decreased invertebrate prey base for 
chicks (Hill 1985, Hill and Robertson 1988). Also, chick survival has been 
found to  vary inversely with home range size (Warner 1984). Brood and chick
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survival can be highly variable, sometimes for unknown reasons (Ewing 1992). 
For this reason they probably play an important role in pheasant population 
dynamics, and deserve the most attention of any aspect o f pheasant breeding 
ecology.
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APPENDIX: Summary of capture records for all pheasants caught on the
Nampa Study Area, southwestern Idaho, 1990-91.
Date
Number o f birds netted
#  of 
nets CommentsHens Cocks Recap Location
1/26/90 8 marsh* 10
1/31/90 16 • marsh 10
2 /1 /9 0 5 marsh 10
2/15 /90 11 marsh 10
3 /8 /9 0 11 1 2 hens marsh 10
3 /9 /9 0 1 marsh 10
3 /14 /90 6 marsh 10
3 /21 /90 3 marsh 10
3 /26 /90 9 2 marsh 12 reverse drive
3 /27 /90 1 12
1990 71 3 2 hens
1/4/91 28 1 cock marsh 14
2/9 /91 26 1 marsh 18 2 lines
3/2 /91 10 marsh 18 2 lines
4/5 /91 3 2 2 hens patch 5
4/10/91 2 2 1 hen ditch 7 windy
4/14/91 1 marsh 18 dog in marsh
4/21/91 2 patch 5
4/23/91 4 1 1 hen marsh 18 too few helpers
1991 76 6 4 hens, 1
Total 147"̂ 9** 7 hens, 1
* Marsh -  the wintering area.
** Two additional birds (1 cock, 1 hen) were captured in a walk-in trap, so total 
cocks captured -  10, and total birds captured = 158.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
